Introduction
In an earlier com m unication, we reported the pre paration of anhydrous chrom ium (III) carboxylates by utilizing the reactions of C r 0 3 with excess car boxylic acid anhydrides at about 100 °C [1] , We now report the preparation of some new C r0 2 (0 0 C R ) 2 and C rO (O O C R ) compounds by the reactions of C r 0 3 and carboxylic acid anhydrides [(R C 0 )20 where R = C H 3, C2H 5, n-C3H 7 and CHC12] under different reaction conditions. Krauss [2] had re ported the preparation of C r 0 2( 0 0 C C H 3) 2 by using similar reaction conditions, but had not investi gated the nature of this com pound. Preparation and characterization of a few more chromyl com pounds, C r 0 2X2 (X = CF?COCT, ClCF2C O O ", CF3CF2CF2C O O " and ~0 S 0 2C F3) has also been re ported in the literature [3, 4] , Experimental C r 0 3 (B D H . LR) was dried at 110 °C in vacuo for 4 to 6 h. The carboxylic acid anhydrides were pre pared by the reaction of sodium salt of carboxylic acid [5] with the corresponding acyl chloride [6] , The anhydrides were distilled over P4O 10 before use.
(a) Preparation o f C r0 2(0 0 C R > 2 compounds
C r 0 3 (5.0 g, 0.05 mol) was stirred with a solution of acetic anhydride (2.0 g, 0.02 mol) in CC14 for 5 h in the absence of light and m oisture and the tem pera * Reprint requests to Dr. R. K apoor. 0340 -5087/84/1200 -1702/S 01.00/0 ture of the reactants was m aintained below 0 °C. The dark red solution was filtered to remove unreacted C r 0 3 and the filtrate was evacuated to remove CC14. The dark oily liquid was washed with fresh CC14 and pum pdried to a constant weight. Reactions of C r 0 3 with other anhydrides were carried out under similar conditions.
(b) Preparation o f Cr0 ( 0 OCR) compounds
C rO ? (5.0 g, 0.05 mol) and an equimolar am ount of acetic anhydride (5.1 g, 0.05 mol) was stirred in CC14 for 4-6 h at room tem perature in the absence of light and moisture. The solution was filtered and on evacuation yielded a sticky mass. It was washed with CC14 and finally dried under vacuum. Reactions with other carboxylic acid anhydrides were carried out under similar conditions. All other experimental details were the same as have been m entioned in the earlier paper [1] ,
Results and Discussion
The analytical results along with some of the physi cal properties are summarized in Table I . The com position of the product depends upon the stoichiometry of the reactants [C r0 3: (RCO )2Oj and the tem perature of the reaction. If carboxylic acid anhydride is used in large excess and the reaction is carried out at high tem perature, then the product obtained is chrom ium (III) carboxvlate [1] . However, when C r 0 3 is taken in large excess and the tem pera ture of the reactants is maintained below' 0 °C, the product corresponds to chromyl carboxylate, C r 0 2( 0 0 C R ) 2. Finally, when the reactants are ta ken in equim olar ratio and the reaction is carried out at room tem perature, the analysis of the product corresponds to a chrom ium (III) compound, C rO (O O C R ) ( Table I ). The C r 0 2( 0 0 C R )2 [where R = C H 3, C2H 5, n-C3U 7 and CHC12] com pounds are oily liquids. They have been found to be highly hygroscopic and react vio lently with w ater giving yellowish-green solutions. They are slowly reduced to a mixture containing C rO (O O C R ) and C r(O O C R ) 3 on keeping at room tem perature over a period of few days. They are soluble in polar organic solvents and their millimolar solutions in C H 3CN and C6H 5N 0 2 are non-conduct ing [7] . M olecular weight of C r 0 2( 0 0 C C H 3) 2 in nitrobenzene has been determ ined by freezing point m ethod and is 436 which suggests its dimeric nature. These solutions are, however, unstable and a precipi tate separates out on standing.
Infrared spectra of the compounds have been re corded in Table II . The C -O stretching region is quite complex which may be attributed to the dual nature of bonding of the carboxylato group in these compounds. The bands at ca. 1710 and between 1210 to 1270 cm-1 may be interpreted as belonging to C = 0 and C -O stretching modes of unidentate car boxylato group [8] . The bands at ca. 1600 and 1550 cm-1 may be assigned to va(COO~) stretching mode for bidentate carboxylato group [8 , 9] . The presence of more than one band suggests the unsymmetrical nature of carboxylato groups in these compounds.
The absorption band between 940-980 cm-1 is assigned to the asymmetric and symmetric stretching modes of the C r 0 2 group [3, 4] , O ther carboxylato group bands have been assigned by comparison to the spectra of sodium carboxylates [10, 11] , Bands below 500 cm-1 which cannot be as signed to internal vibrations of carboxylato group may be assigned to the deform ation mode of C r-O group by analogy to the spectra of C r 0 2Cl2 and C r 0 2F2 [12] . It may be inferred from the infrared data that these com pounds contain both a unidentate and a bidentate carboxylate group. The 'H NM R spectrum of C r 0 2( 0 0 C C H 3) 2 at 90 M Hz shows only a single peak at r, 7.62 ppm [8] . A plausible explana tion may be a rapid exchange which results in a single line. Oxo(carboxylato)chrom ium (III) com pounds are stable, non-hygroscopic and do not melt up to 200 °C. The inability of these com pounds to oxidize KI to I2 in acidic media suggests that chromium in these compounds has been reduced to trivalent state. These compounds have slight solubility in polar or ganic solvents such as nitrobenzene, nitrom ethane and acetonitrile. Their millimolar solutions in these solvents are non-conducting. The compounds are pa ramagnetic and show magnetic m om ents between 2.20 to 2.97 BM at room tem perature (Table I) . These values are much below the spin-only value of 3.88 BM observed for C rm complexes [13] and thus suggest a polymeric structure with significant C r-Cr antiferrom agnetic interaction [14] probably through bridging carboxylato groups. The dimeric acetate. C r20 2( 0 0 C C H 3) 2 has been m entioned in the literature and was obtained by heating Cr20 ( 0 H ) ( 0 0 C C H 3) 3 at 400 °C [15] ,
The infrared spectra of these complexes have been recorded in Table II . The bands at ca. 1600 and 1525 cm -1 have been assigned to va(C O O ") stretch ing mode. The ^(C O O -) stretching mode has been assigned to a band at ca. 1415 cm-1. O ther pertinent bands have also been assigned. The UV-visible spectra of solutions of these com pounds in methanol have been recorded. The presence of three bands at ca. 17,000 (^( F ) 4A 2g), 27,500 (4T lg(F) 4A 2g) and 47,500 (4T lg(P) 4A 2g) suggest that chromium in these compounds is six coordinate [16] .
Compounds 5 to 8 react with pyridine to give 1:1 addition com pounds 9 to 12. These compounds also behave as non-electrolytes (Table I) (Table I) . How ever, the molecular weight of C rO (O O C C H C l2) • NC5H 5 cor responds to its m onom eric form ulation. IR spectra of these complexes are quite complex as a result of the overlapping of vibrational bands of carboxylato group and pyridine [17, 18] . The 8a mode of py ridine cannot be distinguished clearly due to its over lapping with the va(C O O ') stretching mode of the carboxylato group which also occurs in the same reg ion (Table II) . However, the 1 mode which occurs at 991 cm-1 in pyridine can be distinctly assigned to a band at ca. 1020 cm-1. O ther significant changes in volve shift to higher frequencies in amine ring vibra tions of free pyridine at 601 and 403 to ca. 630 and 415 cm -1 in these complexes. These changes suggest coordination of nitrogen atom of pyridine to Cr atom.
